The ability to reliably estimate pulmonary artery wedge pressure measurements using the clinical and basic cardiovascular parameters was assessed in fifty-six patients having elective coronary artery bypass surgery. The patients were divided into three groups: Group 1 had normal left ventricular function (22 patients), Group 2 had moderate left ventricular dysfunction (20 patients) and Group 3 had more severe left ventricular dysfunction (14 patients). The percentages of correct pulmonary artery wedge pressure estimations were 55%, 56% and 52% in Groups 1, 2 and 3 respectively. We conclude that pulmonary artery wedge pressure measurements can only be reliably estimated from the clinical situation and basic cardiovascular parameters on about 50% of occasions and that the reliability of the estimation does not vary between groups with different left ventricular performance.
venous return. Reservations about Mangano's study were expressed in an editorial in Anesthesiology2 and it is our view that correlation should be between clinical assessment of the patient, cardiovascular parameters, stage of anaesthesia and surgery and the pulmonary artery wedge pressure measurement.
The current study was undertaken to determine if an experienced cardiac anaesthetist (MJD) could estimate the pulmonary artery wedge pressure measurements before cardiopulmonary bypass. The clinical assessment of the patient, basic cardiovascular parameters (heart rate, blood pressure and central venous pressure) and the stage of anaesthesia and surgery were utilised to assist in the estimation of PAWP.
Anaesthesia and Intensive Care, Vo!. 15, No. 4, November, 1987 The pre-bypass period was chosen because it is during this period that significant changes in left heart filling pressures may occur. Induction of anaesthesia, sternal splitting and cannulation of the aorta and atria for cardiopulmonary bypass can all lead to rapid changes in PA WP. Pulmonary artery catheterisation is the only technique available to measure left heart filling pressure during this stage as the alternative of left atrial pressure management is only available once the heart is exposed, thus precluding knowledge of left heart filling pressure during these critical phases.
MATERIALS AND METHODS Fifty-six consecutive patients having elective coronary artery bypass surgery who were anaesthetised by one of the authors (MJO) were studied. These patients were divided into three groups by clinical assessment and cardiac catheterisation data. Group I patients were considered to have good left ventricular function because angina was the primary problem, there were no symptoms or signs of heart failure and at cardiac catheterisation ejection fraction was greater than 0.55, left ventricular end diastolic pressure was less than 12 mmHg and there were no significant areas of ventricular dysfunction at left ventricular angiography.3 Group 3 patients were considered to have poor left ventricular function if they had one or more of the following: a history of multiple myocardial infarctions, signs and symptoms of heart failure, an ejection fraction of less than 0.40, a left ventricular end diastolic pressure of greater than 18 mmHg and left ventricular angiography showing areas of left ventricular dysfunction. Group 2 were patients who did not clearly fit into either Group 1 or Group 3, but did have some degree of left ventricular dysfunction on left ventricular angiography.
The age, sex and pre-bypass time of the three groups are shown in Table 1 . All patients were premedicated with papaveretrum 20 mg and scopolamine 0.4 mg given intramuscularly approximately one hour before preparation for surgery was commenced. This premedication was supplemented in most cases with small doses of intravenous diazepam while cannulae were (minutes) (mean and SD) being inserted. Patients were monitored for myocardial ischaemia using the VS chest lead of the ECG, a radial artery cannula was used to monitor blood pressure continuously and a 7F triple lumen Swan-Ganz catheter (Edwards Laboratories) was inserted via the right internal jugular vein by an independent anaesthetist and used to monitor central venous pressure and pulmonary artery pressures continuously, the pulmonary artery wedge pressure being measured intermittently. These pressures were measured at end expiration with Hewlett Packard transducers (Model 1280) placed level with the patient's mid-axillary line. The pressure wave forms were displayed on an oscilloscope, the mean pressures displayed on meters and recorded continuously on a 4-channel paper write-out running at 25 mm/min at most times and 25 mm/sec when detail was required.
Anaesthesia was induced with diazepam, 66% nitrous oxide in oxygen and phenoperidine. Muscle relaxation was produced with pancuronium or alcuronium and anaesthesia was maintained with 66% nitrous oxide in oxygen and further phenoperidine. Blood pressure control was achieved with intravenous nitroglycerine and heart rate control with small doses of propranolol. Blood volume support prior to CPB was achieved with intravenous Hartmann's solution.
The anaesthetist (MJO) was blinded to the pulmonary artery and pulmonary wedge pressure measurements, but had knowledge of heart rate, blood pressure and central venous pressure measurements. The medical technologists (MJW, EK) observed the paper - recording and charted cardiovascular data and the estimation of the PA WP by the anaesthetist before induction of anaesthesia and every ten minutes until bypass was commenced. The P A WP was estimated to be normal (6-12 mmHg),4 low « 6 mmHg) or high ( > 12 mmHg). If the P A WP was greater than 18 mmHg or less than 3 mmHg and the prediction was incorrect, then the anaesthetist was prompted that the PA WP had entered this range so that appropriate therapy could be implemented. Incorrect estimations were considered to vary by one degree if the estimation was in one range and the actual measurement in the immediate adjacent range (e.g. estimation low, actual measurement in the normal range). Incorrect estimations were considered to be out by two degrees if the estimation differed from the actual measurement by more than one range of measurements (e.g. estimation low, actual measurement in the high range). Figure 1 shows a graph of the frequency of the measured values in each of the three estimated ranges, low, normal or high in Group 1 patients. The twenty-two patients had a total of 180 estimations of PA WP, an average of8.2 estimations per patient. Ninetyfive estimations were correct, an average of 4.3 per patient, or 55% of estimations were correct. Seven of the estimations differed by two degrees from the actual P A WP measurement, this being 3.9% of all estimations. The estimations differed from actual P A WP by one degree in fifteen patients and two degrees in six patients.
RESULTS
In Group 2, the graph of the frequency of the measured values in each of the three estimated ranges, low, normal or high, is shown in Figure 2 . The twenty patients had a total of 174 estimations of P A WP averaging 8.7 estimations per patient, 99 of these estimations were correct averaging 5.0 per patient hence 56% of estimations were correct. Six of these estimations were different by two degrees (3.4%). The estimations differed from the actual P A WP by one degree in seventeen patients and two degrees in three patients. Figure 3 shows the graph of the frequency of the measured values in each of the three estimated ranges, low, normal or high in Group 3 patients. In this group the fourteen patients had a total of 118 estimations of PA WP (average 8.4 estimations per patient), 64 of these estimations were correct (average 4.6 per patient) hence 52% of estimations were correct. In this group three of the estimations of P A WP differed from the actual P A WP by two degrees (2.5% of all estimations). The estimations differed from the actual measurements by one degree in eleven patients and by two degrees in three patients.
DISCUSSION This study confirms that PA WP measurements cannot be reliably estimated from the clinical situation and basic 26 cardiovascular parameters in patients having coronary artery surgery. The rate of correct estimations ofPAWP was 55%,56% and 52% in Groups 1, 2 and 3 respectively indicating that the estimation of PA WP was no different for patients with good left ventricular function compared with patients who had increasing left ventricular dysfunction. These results are similar to the estimation rates reported by other authors. Connors et al. 5 noted that correct estimations of P A WP occurred in only 42% of the time in a group of fifty-six critically ill patients with multiple organ disease. Eisenberg et al. 6 accurately estimated P A WP in only 30% of ninety-seven critically ill patients. The inaccuracy of these estimations is understandable in the complex haemodynamic problems of the critically ill, but even in patients having coronary artery bypass surgery7 who had good left ventricular function, 65% of severe abnormalities, including PA WP greater than 20 mmHg, were missed by the blinded anaesthetist.
It could be argued that the inability to estimate the P A WP reliably was only of clinical importance when the estimation and actual measurement differed by two degrees as in this situation inappropriate therapy could be carried out (e.g. blood volume support instead of nitroglycerine). This only occurred in 3.9%, 3.4% and 2.5% of estimations in Groups 1, 2 and 3 respectively \ and may explain why, in clinical practice, coronary artery surgery can be safely carried out without pulmonary artery catheterisation. 8 We conclude the P A WP measurements can be estimated from the clinical situation and basic cardiovascular measurements on a little more than 50% of occasions and that the reliability of estimations could not be improved by carefully assessing left ventricular function preoperatively.
